Abstract In this paper the response of printed thick-film of W0 3 doped by Y 2 0 3 to organic solvent was studied. Different ratio of doping was prepared and changes of film resistance at different temperature in present of vaporized types of alcohol were observed. The results showed a high sensitivity of the film of 80.1% W0 3 -18.8% Y 2 0 3 to Toluene, Xylene, Methanol, and 2-Propanone (Acetone) at 250, 450, and 550°C, and higher sensitivity of 94.3% W0 3 -4.7% Y 2 0 3 at 350°C. Microscopic images of the samples including SEM and TEM were observed. EDX and XRD analysis onto the samples also were done.
I. INTRODUCTION
THICK FILM gas sensors have three basic parts; heater, electrode, and an active layer. Heater is printed onto the substrate which is normally an alumina substrate using a platinum paste. The electrode can be printed either over the heater after depositing an insulator layer or directly on the other side of the substrate. The active layer consists of a gas sensitive metal oxide powder such as Sn02, ZnO, W0 3 , Mo0 3 , etc, then can be printed over the electrode layer using an organic binder. These sensors are normally worked at temperatures up to 500°C and functioned based on conductivity changes of the semiconductor materials due to an interaction of the target gas with the active layer at certain temperature [1] - [8] . 354 1-4244-2561-7/08/$20.00 ©2008 IEEE W0 3 is an n-type semiconductor whose electron concentration is determined mainly by the concentration of stoichiometric defects such as oxygen vacancy like any other metal oxide semiconductors. The gas sensitivity of W0 3 was reported frrst by Shaver [9] by detecting H 2 and now many other target gases such as NO x , Methane, Alcohol, etc can be detected by thick film gas sensors based on W0 3 [9] - [15] . Then the sensitivity to a certain target gas can be adopted by changing in ratio of doped material.
Many dopants have been reported by researchers in order to change the conductivity of the W0 3 to change its sensitivity to a target gas. In this research we propose the Yttria (Y20 3 ) to be doped into W0 3 • Yttria has applications in electrical conducting ceramics, refractories, insulators, glass, and stain. In the field of gas sensors some researchers have used it as glass frit. The surface and catalytic properties of Y20 3 reveals a highly irreversible adsorption from 250°C to the solvents such as 2-Propanone [16] . In this research, different ratio of Y203 was doped into W0 3 and the response and recovery time of the sensor in present of vaporized solvent of Toluene, Xylene, Methanol, and 2-Propanone (Acetone) were observed.
II. EXPERIMENTAL
Electrical Parts: Using a platinum paste (ESL-5545) the pattern of electrodes and heater were printed with average of 7Jlm thickness onto each side of an alumina substrate (ADS996-STD) by a printing screen machine (DEK JI202). The films then were left at room temperature for 10min, dried at 150°C using a follows the expected result based on the meander concept. Surface resistivity of the film also was measured using Surface Resistivity Meter (SRM-232) which gives an average of 2.50 Ohm/sq.
Microscopic Analysis:
In order to verify the grain sizes of the samples, to observe the distribution of particles on surface of the samples, to determine the type of the oxide under analysis and to measure the film thickness, TEM, SEM, EDX, and XRD analysis onto the samples were carried out. Fig. 2 shows the TEM analysis of the samples. The maximum grain size of the crystals is less than 100 nm and there are a few crystals with a size between 60 to 98nm in the shown area. Drops of the organic binders were gradually added to the powder and the mixture blended into an agate mortar at room temperature to obtain a good viscosity. Then a thick layer of the prepared paste was printed onto the electrodes, left at room temperature for 10min, dried at 150°C/I00mm in the belt furnace, and fired for 12min at 850°C. Fig. 1 shows the electrode side of the substrate after firing process. 
III. RESULTS AND DISCUSSIONS
Electrical measurement: The impedance of heater in all samples is about 20±5% Ohms and belt furnace (DEK HD-450) for 10min, and fired at 980°C for 12min. Before and after firing the surface of the films were observed and checked.
Preparation of Active Layer: An organic binder was prepared by 10hrs stirring 5wt%/95wt% of Ethyl "Cellulose/a-Terpinoel at 40°C using a magnetic stirrer. Different ratios of nanosized Y203; 4.7, 9, 12.9, 18.7, 24.8, 49.5wt% as doping and lwt% Si0 2 as a glass-frit were weighted, ultrasonically mixed with W0 3 for 3hrs at room temperature. Table 1 shows the ratio of the compositions. The composites then were calcinated at 650°C for 5hrs, and milled for 48hrS in present of 50ml of mXylene as a media. Afterwards the samples were left in an oven at 85°C to vaporize the Xylene. In order to verify the thickness of the film and to compare with what we set on the printing machine and the emulsion thickness of the screen (5~m) a SEM analysis onto a cross section of the sensor after cutting was ran. The thickness of the active layer was observed is around 7.5~m (Fig. 4a) . A good adhesion of the film layer to the substrate can be seen in Fig. 4(b) .
XRD analysis onto the surface of the fabricated sensors also was run to determine the type of the oxide after firing process to distinguish between the types of tungsten oxides. Tungsten has several oxidation states: tungsten (III) oxide, tungsten (IV) oxide also known as tungsten dioxide, and tungsten (VI) oxide also known as tungsten trioxide. The type of the oxidation of tungsten for gas sensing applications is tungsten (III) oxide or W0 3 . Fig. 5a shows the results of the XRD analysis. The most compositions of the elements in the samples rather than oxides are WsSh, Y 4 Sh012, and Y 3 Sis and the XRD analysis shows a high density of oxidation ofW0 3 and Y 2 0 3 after firing. An EDX analysis of sample number 3 also is shown in Fig. 5b . T.-27C
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'~r-- Fig. 7 Response of the selected samples at (a) 250°e (b) 350°e (c) 450°e (d) 550°e to 250ppm of solvent Fig. 8 shows the response and recovery time of the selected samples to 250ppm of Methanol at 250°C. This temperature was chosen as the worst case of the sensitivity. The response time, t R , and the recovery time, tRR, of the samples to 250ppm of Methanol are given in Table 2 . The 99wt%/1 wt% of Yttria/Si0 2 shows a very poor sensitivity to the Methanol and its response and Gas sensitivity measurement: The samples were exposed to the vaporized Toluene, Xylene, Methanol, and 2-Propanone (Acetone) inside a 6860 cc test chamber and characteristics of response and recovery time of each sample due to the effect of different doping ratio of Y203 were measured and recorded. The humidity and temperature condition inside the chamber are measured using humidity and temperature sensors and controlled by a heater. A fan circulates the inj ected gas inside the chamber. Two electrical valves subsequently open and close the inlet and outlet pipes and allow the inj ected gas or fresh air to enter the chamber or to suck using a vacuum pump. Sensors in batch of four are put inside the test chamber.
In order to determine the response of the sensors at different temperatures of heater, the setting of 250°C, 350°c, 450°C, and 550°c were chosen. Subsequently in each setting of the sensor temperature, 250ppm of the solvents was injected into the chamber and the response of the sensors was recorded using a data logger. Fig. 7 shows the response of the selected samples to 250ppm of Toluene, Xylene, Methanol, and 2-Propanone (Acetone). The relative humidity and temperature inside the chamber also were set at around 46% and 27°C.
The results show that the highest sensitivity to the solvents can be achieved at 550°C (Fig. 7d) . At this temperature, S4 (85.9wt% /13wt% of W0 3 /Y 2 0 3 ) has a higher sensitivity to the Toluene, Methanol, and Xylene where the sensitivity of S5 (80.1 wt% /18.8wt% of W0 3 /Y 2 0 3 ) to the 2-Propanone is higher. S5 also shows a better sensitivity to the applied solvent at 250°C (Fig. 7a) and 450°C (Fig. 7c) . At 350°c (Fig. 7b) the sensitivity of the S2 is higher in compare to the other samples. The effect of Yttria doped into tungsten oxide was reported. The results show that almost a ratio of 19wt% of Yttrium Trioxide into 80wt% of tungsten oxide has the most sensitivity to the Methanol and 2-Propanone. The sensors have no a catalytic filter, so that depositing of a layer of noble metals such as platinum, silver or palladium over the active layer may improve the sensitivity and the selectivity of the sensors to a certain target gas. The deposition of such layer is under progress and will be reported in future.
